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SPECIFICATION 



TO ALL WHOM IT MAY CONCERN BE IT KNOWN that we, Kuei-Wu Huang, 
Tsiu C. Chan, and Gregory Clifford Smith are citizens of the Republic of China, the 
United States, and the United States, respectively, residing in the State of Texas, and 
have invented new and useful improvements in a 



METHOD OF FORMING PLANARIZED STRUCTURES 
IN AN INTEGRATED CIRCUIT 



of which the following is a specification: 
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METHOD OF FORMING PLANARIZED STRUCTURES 
IN AN INTEGRATED CIRCUIT 



3 This application is related to co-pending application S.N. , (Attorney 

4 Docket No. 95-C-079), filed on the same day herewith, June 7, 1995, both assigned t 

5 SGS-Thomson Microelectronics, Inc. and incorporated herein by reference. 

6 1 . Field of the Invention 

7 The present invention relates generally to semiconductor integrated circuit 

8 processing, and more specifically to an improved method of forming more planarized 

9 structures in an integrated circuit. 

1 0 2. Background of the Invention 

11 As is well known in the field of integrated circuit design, layout and fabrication, 

12 the manufacturing cost of a given integrated circuit is largely dependent upon the chip 

13 area required to implement desired functions. The chip area, in turn, is defined by the 

14 geometries and sizes of the active components such as gate electrodes in 

15 metal-oxide-semiconductor (MOS) technology, and diffused regions such as MOS 

16 source and drain regions and bipolar emitters and base regions. 

1 7 Device structures are constantly being proposed with the objective of producing 

18 higher response speeds, higher device yields and reliability, lower power consumption 



1 and higher power handling capability. Many of the device improvements are achieved 

2 by scaling down or miniaturizing the devices. One approach is to'simply scale down all 

3 process variables, dimensions and voltages. This approach includes, among other 

4 factors, for example for the typical MOS device, scaling dielectric thicknesses, channel 

5 lengths and widths, junction widths and doping levels. With this approach, the number 

6 of devices per unit area increases, threshold voltages decrease, delay time across 

7 channels decreases and power dissipated per area decreases. All device parameters, 

8 however, do not need to be scaled by the same constant. A design or process 

9 engineer may scale some device parameters independently of others which would 

10 optimize device operation. This more flexible approach would allow for a choice in 

1 1 geometries to fit with various tradeoffs for device optimization, rather than choosing a 

12 more strict scaling approach. 

13 In addition to the geometries and sizes of active components and the ability to 

14 scale process variables, the chip area also depends on the isolation technology used. 

15 Sufficient electrical isolation must be provided between active circuit elements so that 

16 leakage current and low field device threshold voltages do not cause functional or 

17 specification failures. Increasingly more stringent specifications, together with the 

18 demand, for example, for smaller memory cells in denser memory arrays, places 

19 significant pressure on the isolation technology in memory devices, as well as in other 

20 modem integrated circuits. 



3 



9 4 . 9* 



1 A well-known and widely-used isolation technique is the local oxidation of silicon, 

2 commonly referred to as LOCOS, to form a field oxide region separating various active 

3 areas of an integrated circuit. The LOCOS process was a great technological 

4 improvement in reducing the area needed for the isolation regions and decreasing 

5 some parasitic capacitances. This technique involves forming a silicon nitride over a 

6 deposited polysilicon, patterning the nitride and polysilicon, and then etching away the 

7 regions uncovered by the pattern. The exposed regions are then oxidized to form the 
p 8 field oxide. This process though is subject to certain well-known limitations, such as the 

9 lateral encroachment of the oxide into the active areas, known as "birdbeaking" wherein 
10 the oxygen diffuses laterally under the polysilicon/nitride mask and in the silicon. The 
%j 1 1 birds' beak increases the isolation area thereby decreasing the available active area for 
O 12 devices. Other limitations include additional topography added to the integrated circuit 
^ 13 surface and undesired nitride spots forming along the interface of the silicon substrate 
5 14 and silicon oxide regions, known as the "Kooi" effect. Thermally grown gate oxides 

15 formed subsequent to the formation of the field oxide are impeded in the region of these 

16 nitride spots. Typically, these nitride spots are removed before gate oxides are formed, 

17 as with the well-known sacrificial oxide process as described more fully in United 

18 States Patent Number 4,553,314 issued on November 19, 1985 to Chan et al. 

19 However, the process of removing the nitride spots increases complexity and thus 

20 additional manufacturing costs as well as adding additional topography to the wafer 

21 causing step coverage problems at later stages. 
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1 Another well-known isolation technique is to form a standard field oxide by 

2 depositing silicon dioxide on the surface of the substrate, patterning and etching the 

3 field oxide to expose the active regions, leaving the oxide in the desired isolation 

4 regions. There is a known limitation with this approach, also. The etch step produces 

5 steep sidewalls causing step coverage problems for subsequently formed layers. Steps 

6 have been proposed to taper or round the steep sidewalls of the field oxide, but these 

7 may not be reproducible. In active regions where gate electrodes are to be formed 

8 from a first layer of polysilicon, the conformal nature of polysilicon causes undesired 

9 polysilicon sticks that when etched to expose the silicon substrate between the isolation 

10 regions forms along the steep field oxide sidewalls . These sticks are strips of 

1 1 polysilicon which remain after etching adjacent the field oxide at the substrate surface 

12 due to the height of the sidewalls and the conformality of polysilicon as deposited. In 

13 addition, undesired increases in the width of the etched regions may result, reducing 

14 the number of active areas on the die, thereby reducing the number of devices that can 

15 be formed. The semiconductor industry has been striving for ever smaller feature sizes 

16 for denser structures for manufacturing. A corollary to this goal is to achieve planar 

17 structures. It would therefore be desirable to have a planarized surface which utilizes 

18 standard processing steps to yield denser structures. 

19 It is therefore an object of the present invention to provide a method of forming 

20 planarized structures for scaling semiconductor devices. 
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1 It is a further object of the present invention to provide a method of forming 

2 improved transistors while increasing the planarity of the surface of the wafer thereby 

3 minimizing subsequent step coverage problems. 

4 It is a further object of the present invention to provide a standard field oxide to 

5 improve the scaling and planarity of the devices. 

6 It is a further object of the present invention to provide a method of forming the 

7 devices adjacent to isolation regions which requires significantly fewer subsequent 

8 processing steps thereby decreasing the manufacturing complexity and producing 

9 higher yields and reliability. 

10 It is yet a further object of the present invention to provide a method which 

1 1 reduces the formation of the polysilicon sticks. 

12 Other objects and advantages of the present invention will be apparent to those 

13 of ordinary skill in the art having reference to the following specification together with 

14 the drawings. 

15 
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1 



SUMMARY OF THE INVENTION 



2 The invention may be incorporated into a method for forming a semiconductor 

3 device structure, and the semiconductor device structure formed thereby. A field oxide 

4 is grown across the integrated circuit, patterned and etched to form an opening with 

5 substantially vertical sidewalls exposing a portion of an upper surface of a substrate 

6 underlying the field oxide where an active area will allow for devices to be formed. A 

7 gate oxide is grown over the exposed portion of the substrate. A polysilicon layer is 

8 deposited over the field oxide and gate oxide to a thickness wherein the lowest most 

9 portion of the upper surface of the polysilicon is above the upper surface of the field 

10 oxide. The polysilicon layer is planarized and etched. Preferably, a silicide layer is 

1 1 formed over the polysilicon layer and a dielectric capping layer is formed over the 

12 silicide layer. A photoresist mask is formed over a portion of the capping layer overlying 

13 at least a portion of the substrate not covered by the field oxide. The capping layer, 

14 silicide, polysilicon layer and gate oxide are etched to form a transistor gate electrode. 

15 The photoresist is removed and LDD regions are formed in the substrate adjacent the 

16 gate electrode. Sidewall spacers are formed along the sides of the gate electrode. In a 

17 preferred embodiment, raised source/drain regions are formed adjacent the sidewall 

1 8 spacers to increase the planarity of the device. 
19 
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1 BRIEF DESCRIPTION OF THE DRAWINGS 

2 The novel features believed characteristic of the invention are set forth in the 

3 appended claims. Referring now to Figures 1A-6B, a method of fabricating a 

4 planarized circuit according to the present invention will now be described in detail. The 

5 invention itself, however, as well as a preferred mode of use, and further objects and 

6 advantages thereof, will best be understood by reference to the following detailed 

7 description of illustrative embodiments when read in conjunction with the accompanying 

8 drawings, wherein: 

9 Figures 1 A-1 C, 2B-5B are cross-sectional views of the fabrication of a 

10 semiconductor integrated circuit according to one embodiment of the present invention. 

1 1 Figure 2A is a cross-sectional view of the fabrication of a semiconductor 

12 integrated circuit according to an alternative embodiment of the present invention. 

13 Figures 6A-6B are cross-sectional views of the fabrication of a semiconductor 

14 integrated circuit according to another alternative embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



2 Referring now to Figures 1A-6B, a method of fabricating a planarized integrated 

3 circuit according to the present invention will now be described in detail. The 

4 cross-sections of these Figures illustrate this method as a portion of an overall process 

5 flow for fabricating the integrated circuit. As will be apparent to those of ordinary skill in 

6 the art, the partial process flow to be described herein may be applied in the fabrication 

7 of many types of integrated circuits, in which the full process flow will include many 

8 other process steps conventional in the art. 

9 Referring now to Figure 1 A illustrating a portion of a wafer, in cross-section, 

10 which has been partially fabricated. According to the example described herein, the 

1 1 present invention is directed to forming a CMOS planarized structure. It is 

12 contemplated, of course, that the present invention will also be applicable to the 

13 formation of other structures where planarization is important 

14 Figure 1 A illustrates a portion of a wafer which has a surface at which isolation 

15 structures and devices in adjacent active areas are to be formed. As shown in Figure 

16 1 A, an integrated circuit is to be formed on a silicon substrate 10. The silicon substrate 

17 may be p- or n-doped silicon depending upon the location in the wafer where the 

18 isolation and active devices are to be formed. A field oxide layer is thermally grown 

19 across the integrated circuit preferably to a depth of between approximately 4000 to 



1 5000 angstroms, then patterned and etched to form field oxide regions 12. Field oxide 

2 regions 12 are formed on various portions of the wafer to isolate the active areas where 

3 devices will be formed. The field oxide regions are preferably etched anisotropically to 

4 achieve vertical sidewalls in the openings 17. Prior to the formation of the field oxide 

5 regions, depending upon the location of the substrate where the openings will be 

6 subsequently made through the field oxide regions, a well implant may be made. For 

7 example, if the substrate is p-type below the field oxide and an n-well is desired for the 

8 active area, an n-well 14 can be formed by implantation and drive-in of phosphorous at 

9 a dosage of approximately 5 X 10 12 /cm 2 at 150 KeV or other suitable means and dopant 

10 type to achieve the desired doping profile. 

1 1 After various conventional processing steps have been performed if necessary to 

12 repair any damage caused to the substrate surface, such as a strip or healing oxide 

13 thermally grown formed and etched away, a gate oxide layer 16 is formed, typically by 

14 thermal oxidation over the silicon substrate 10 to a depth of approximately 70 to 100 

15 angstroms. In addition to the implant performed to form the n-weli described above, 

16 prior to the formation of the gate oxide, a blanket implant may be done to adjust the 

17 doping levels of the various portions of the integrated circuit not covered by the field 

18 oxide regions. For example, the blanket implant may comprise boron implanted at a 

19 dosage of approximately 1 .5 X 10 ,2 /cm 2 at 30 KeV. Additional implants may be 

20 performed into the n-wells by masking off the p-type regions to adjust for the 

21 appropriate threshold voltages. An implant, for example, may be boron implanted at a 



1 dosage of approximately 1.7 X 10 12 /cm 2 at a relatively low energy level of 30 KeV. A 

2 further punch-through implant may be made into the n-well regions by implanting, for 

3 example, boron at a dosage of approximately 1 X 10 12 /cm 2 at a higher energy level of 

4 75 KeV. Additional implants can also be made into the p-type regions by masking off 

5 the n-wells to further adjust the doping levels, for example, by implanting boron at a 

6 dosage of approximately 6 X 10 12 /cm 2 and at 180 KeV. 

n 7 A polysilicon layer 18 is formed over the gate oxide layer 16. The polysilicon is 
8 generally conformal which will cause it to follow the contour of the surface of the wafer 
H 9 as it is deposited. The polysilicon is therefore, in the present invention, preferably 
!:1 io deposited to a depth wherein the lowest most portion of the upper surface 20 of the 
o 1 1 polysilicon layer 18 lies above the upper surface 22 of the field oxide regions. The 
S3 12 polysilicon layer 18 is deposited to a depth of between approximately 7000 to 9000 
S 13 angstroms. With the field oxide at 4000-5000 angstroms, the polysilicon will tend to be 

14 more planar when its overall thickness is greater than the underlying layer. The 

15 polysilicon layer 18 may be in-situ doped or doped after deposition to a desired doping 

16 level 

17 Polysilicon layer 18 is next planarized and then etched to form the gates of 

18 various devices. One advantage of forming the polysilicon in this manner is the ability 

19 to minimize the formation of polysilicon sticks or strips of polysilicon which remain in the 

20 bottom edges of contacts, vias or low lying areas as a result of etching a very conformal 
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1 polysilicon layer that dips below the surface of the material covered. One embodiment 

2 illustrating the planarization of the polysilicon layer 18 is shown with reference to Figure 

3 1B. A non-conformal layer 24 is formed over the polysilicon layer 18 to a level which 

4 tends to form a planar upper surface. The layer 24 may be any suitable planarizing 

5 material, for example, spin-on-glass or a sacrificial photoresist, which preferably has an 

6 etch ratio of 1:1 with the polysilicon. Having an etch ratio of 1:1 will enable an etch step 

7 to uniformly etch the planarizing and polysilicon layers at the same rate. Alternatively, 

8 an etch stop layer 26, as shown in Figure 1C, may be formed under the polysilicon over 

9 the field oxide regions. The etch stop layer may again be any suitable material such as 

10 nitride or a refractory metal. The planar layer 24 and polysilicon layer 18 are then 

1 1 etched before subsequent processing steps occur. The etch may comprise a wet etch 

12 or a combination wet/dry etch or a chemical mechanical polishing (CMP). Figure 2A 

13 illustrates that the polysilicon layer 18 may be etched to the top of opening 17 exposing 

14 the upper surface of the field oxide regions. If a wet etch is used, the polysilicon may 

15 dip below the upper surface of the field oxide regions as indicated by the dotted line in 

16 Figure 2A. Alternatively, the polysilicon layer 18 may remain uniformly across the top of 

17 the field oxide regions 12 and the opening 17, to a depth of between approximately 

18 1500 to 2000 angstroms, as shown in Figure 2B. An alternative method of 

19 planarization is to etch by chemical mechanical polishing (CMP) with or without the 

20 planar dielectric formed across the polysilicon. 
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1 Referring to Figure 2B, a silicide layer 28 may be formed over the polysilicon 

2 layer 18, preferably from the group consisting of tantalum, tungsten, titanium and 

3 molybdenum to a thickness of between approximately 1200 to 1700 angstroms. If the 

4 polysilicon layer 18 is etched exposing the upper surface of the field oxide regions 12, 

5 the silicide would be formed over the polysilicon in the opening 17 and over the field 

6 oxide regions 12. The silicide will insure sufficient conductivity of the polysilicon, 

7 particularly where the polysilicon forms an interconnect over field oxide regions. A 

8 capping layer 30 may be formed over the silicide layer 28. The capping layer is 

9 preferably formed of an oxide, nitride or oxynitride, having a thickness of between 

10 approximately 1200 to 1700 angstroms. A photoresist layer is formed over capping 

1 1 layer 30 and patterned to form the photoresist region 32 which overlies the substrate in 

12 opening 17. 

13 Referring to Figure 3, the gate oxide 16, polysilicon layer 18, silicide layer 28 and 

14 capping layer 30 are etched to form a transistor gate. The height of the polysilicon 

15 layer 18 above the substrate surface will depend on whether the polysilicon was etched 

16 exposing the upper surface of the field oxide regions or whether it remained over the 

17 field oxide before it was etched to form the transistor gate. Therefore, the overall height 

18 of the transistor gate will be above the upper surface of the field oxide regions 12 due to 

19 the combined height of the multiple layers forming the transistor gate. 
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1 Referring to Figure 4, lightly doped drain regions 36 are formed in the substrate 

2 adjacent the transistor gate by known methods, for example, implanting phosphorous at 

3 a dosage of approximately 3 X 10 13 at 80 KeV for the n-channel transistor and boron at 

4 a dosage of 3 X 10 13 at 50 KeV for the p-channel transistor. Sidewall oxide spacers 34 

5 are then formed by known methods along the sides of the transistor gate including the 

6 silicide 28 and the capping layer 30, if formed. In addition, a sidewall spacer will form 

7 along the vertical sides of the field oxide regions 12. The sidewall spacers are typically 

8 formed of oxide or nitride and will form on both the gate and the field oxide which will 

9 narrow the opening 17 making it important to form adequate source/drain regions as 

^ io well as contacts to the source/drain regions despite the high aspect ratio of the opening 
_ 1 i 17. More heavily doped source/drain regions 38 are then formed in the substrate 
■ 12 adjacent the sidewall spacers. 

"{ 13 The typical process in the prior art of forming transistor gates and LOCOS field 

14 oxide regions has been simplified by forming standard field oxide regions and a 

15 transistor gate with little or no polysilicon sticks. Once the transistor gate has been 

16 formed with the standard field, it is important to minimize the impact of the aspect ratio 

17 as it relates to the filling of the contact opening 17 to contact the source/drain regions 

18 38. The preferred embodiment which provides for a more planar transistor is to form 

19 raised source/drain regions in the opening 17 adjacent the transistor gate which will 

20 adequately fill the opening. 
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1 Referring to Figure 5A, one embodiment of forming the raised source/drain 

2 regions is illustrated. Epitaxial regions 40 are selectively grown above the exposed 

3 substrate surface and implanted with an appropriate dopant to achieve a desired 

4 conductivity level. The epitaxial regions 40 may, for example, be doped by implanting 

5 phosphorous at a dosage of approximately 6 X 10 15 and at 40 KeV for the n-channel 

6 transistor and BF 2 at a dosage of 6 X 10 1S and at 40 KeV. Typically, the epitaxy grows 

7 vertically from the substrate surface, therefore, the epitaxial regions 40 may not show 

8 as much faceting at the sides or corners of the epitaxy as may be seen adjacent a 

9 standard LOCOS process since the sidewalls of the standard field oxide regions are 

10 substantially vertical. 

1 1 Referring to Figure 5B, the epitaxy is preferably silicided by known methods, for 

12 example, by depositing a refractory metal over the integrated circuit followed by a 

13 thermal step to react the refractory metal with the silicon in the epitaxial regions to form 

14 a silicide 42. The sificide regions 42 will lower the resistivity of the raised source/drain 

15 regions 40, while the raised source/drain regions 40 will prevent any undesired amount 

16 of the substrate silicon from being consumed, thereby reducing the possibility of 

17 junction leakage and punchthrough. Depending upon the depth of the LDD regions and 

18 the weight of the epitaxial regions 40, there may not be a need for the more heavily 

19 doped source/drain regions 38. The sidewall spacers 34 and capping layer 30 will help 

20 to electrically isolate the raised source/drain regions 40 from the gate electrode 18 of 

21 the transistor. Although the capping layer is not necessary at this stage, the electrical 
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1 isolation is improved with the capping layer in place, particularly when the sidewall 

2 spacer begins at the capping layer. The raised source/drain regions 40 will provide for 

3 more thermal stability for subsequent high temperature processing steps as compared 

4 to a conventional salicide process which forms a silicide over the substrate source/drain 

5 regions and over the gate electrode. 

6 Referring to Figure 6A, an alternative embodiment for forming the raised 

7 source/drain regions is illustrated. A polysilicon layer 44 is deposited over the transistor 

8 gate, exposed substrate and the field oxide regions. As described with the deposition 

9 of the first polysilicon layer 18 above, the polysilicon layer 44 will be conformally 

10 deposited. It is preferably doped after it is deposited to a desired doping level to allow 

1 1 for separate doping of n- and p-type regions. Because of its conformality, in order to fill 

12 the opening 17 to form the raised source/drain regions, the polysilicon layer 44 is 

13. deposited to a thickness wherein the lowermost portion 46 of the polysilicon layer 44 is 

14 above the upper surface 22 of the field oxide regions 12 and preferably above the 

15 upper surface of the capping layer 30. A planar sacrificial layer 48, for example 

16 spin-on-glass or photoresist having an etch rate of 1:1 with the polysilicon layer 44 may 

17 be formed over the polysilicon layer 44. 

1 8 Referring to Figure 6B, an etch of the sacrificial layer 48 and the polysilicon layer 

19 44 is performed to expose an upper surface of the field oxide regions 12 forming the 

20 raised source/drain regions 50 in opening 17. It is important to note that for a 
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1 polysilicon raised source/drain, the etch chemistry used must be selective to the 

2 polysilicon so that the underlying layers are not etched. The etch may be a wet etch, 

3 dry etch, CMP or conbination of these three, which are selective to the sacrificial layer 

4 48 and polysilicon layer 44, etching the sacrificial layer and the polysilicon layer at the 

5 same rate but which does not substantially etch the sidewall spacers 34, the capping 

6 layer 30 or the silicide layer 28, if the capping layer is not formed, and the field oxide 

7 regions 12, including any etch stop layer formed. The polysilicon raised source/drain 

8 regions 50 may also be silicided as described above for both the transistor gate and the 

9 epitaxial raised source/drain regions. The silicide regions 52 of the polysilicon raised 

10 source/drain regions 50 will also lower the resistivity of the raised source/drain regions, 

1 1 while the raised source/drain regions 50 help to prevent any undesired amount of the 

12 substrate silicon from being consumed, again reducing the possibility of junction 

13 leakage and punchthrough. The sidewall spacers 34 and capping layer 30 will help to 

14 electrically isolate the raised source/drain regions 50 from the gate electrode 18 of the 

15 transistor. In addition, the capping layer 30, if formed, may be removed before the 

16 raised source/drain regions are silicided, thereby allowing the polysilicon gate electrode 

17 28 to be silicided at the same time as the raised source/drain regions simplifying the 

18 process further. This method may allow for easier manufacturing of devices that have 

19 only one polysilicon layer, for example microprocessors, instead of multiple polysilicon 

20 layers, such as in SRAMs. 
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1 As with the grown epitaxial regions described above, the raised source/drain 

2 regions provide for more thermal stability for subsequent high temperature processing 

3 steps as compared to a conventional salicide process. As with the grown epitaxy, this 

4 alternative embodiment will provide for a more planar device for subsequent processing 

5 steps while simplifying the formation of the field oxide regions and transistor gate. With 

6 each embodiment described, there needs to be a minimum thickness of the capping 

7 layer and sidewall oxide spacers to maintain adequate distance between any 

8 conductive material formed in the opening and the transistor gate electrode. This 

9 distance will insure the necessary electrical isolation of the devices and maintain device 

10 integrity. 

1 1 While the invention has been described herein relative to its preferred 

12 embodiments, it is of course contemplated that modifications of, and alternatives to, 

13 these embodiments, such modifications and alternatives obtaining the advantages and 

14 benefits of this invention, will be apparent to those of ordinary skill in the art having 

15 reference to this specification and its drawings. It is contemplated that such 

16 modifications and alternatives are within the scope of this invention as subsequently 

17 claimed herein. 
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1 What is claimed is: 

2 1 . A method of forming a portion of a semiconductor integrated circuit; 

3 comprising the steps of: 

4 growing a field oxide across the integrated circuit; 

5 patterning and etching the field oxide to form an opening with substantially 

6 vertical sidewalls exposing a portion of an upper surface of a substrate underlying the 

7 field oxide where an active area will be formed; 

8 growing a gate oxide over the exposed portion of the substrate; 

9 depositing a polysilicon layer over the field oxide and gate oxide to a thickness 

10 wherein the lowest most portion of the upper surface of the polysilicon is above the 

1 1 upper surface of the field oxide; 

12 planarizing the polysilicon layer; 

13 forming a photoresist mask over a portion of the polysilicon layer overlying at 

14 least a portion of the substrate not covered by the field oxide; 

1 5 patterning and etching the polysilicon and gate oxide to form a gate electrode; 

19 
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1 removing the photoresist; and 



2 forming sidewall spacers along the sides of the gate electrode. 

3 2. The method of claim 1, wherein the field oxide has a thickness of between 

4 approximately 4000-5000 angstroms. 

5 3. The method of claim 1 , further comprising the steps of: 

s 4 6 forming an n-well in the substrate before the field oxide is formed in areas where 
;4 7 the field oxide will be removed. 

□ 8 4. The method of claim 3, wherein the n-well is formed by implantation and 

9 drive-in of phosphorous. 

10 5. The method of claim 1 , further comprising the step of: 

1 1 performing a blanket implant in the substrate to adjust to desired doping levels 

12 before forming the gate oxide layer. 

13 6. The method of claim 5, wherein the blanket implant comprises boron 

14 implanted at a dosage of approximately 1 .5 X 10 12 /cm 2 at 30 KeV. 



1 7. The method of claim 6, further comprising the steps of: 

2 masking off the p-type regions; and 

3 performing a punch-through implant into the n-well regions. 

4 8. The method of claim 7, wherein the punch-through implant comprises boron 

5 implanted at a dosage of approximately 1 X 10 12 /cm 2 at approximately 75 KeV. 

6 9. The method of claim 5, further comprising the steps of: 

7 masking off selected p-type regions in the substrate; and 

8 implanting dopants into selected n-wells to further adjust the doping levels of the 

9 n-wells and not the selected p-type regions in the substrate. 

10 10. The method of claim 9, wherein the dopant comprises boron implanted at a 

1 1 dosage of approximately 1 .7 X 10 12 / cm 2 and at approximately 30 KeV. 

12 
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1 11. The method of claim 1 , further comprising the steps of: 

2 masking off selected n-well regions in the substrate; and 

3 implanting a dopant into the p-type regions to adjust to a desired doping level. 

4 1 2. The method of claim 1 1 , wherein the dopant comprises boron implanted at a 

5 dosage of approximately 6 X 1d 12 /cm 2 and at approximately 180 KeV. 

6 1 3. The method of claim 1 , wherein the gate oxide has thickness of between 

7 approximately 70-100 angstroms. 

8 14. The method of claim 1 , wherein the polysilicon layer is formed to a thickness 

9 of between approximately 7000-9000 angstroms. 

10 1 5. The method of claim 1 , wherein the polysilicon is in-situ doped as deposited. 

11 16. The method of claim 1 , further comprising the step of: 

12 doping the polysilicon to a desired doping level after deposition. 
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1 1 7. The method of claim 1 , wherein the step of planarizing the polysilicon 

2 comprises CMP. 

3 1 8. The method of claim 1 , wherein the step of planarizing the polysilicon 

4 comprises the steps of: 

5 forming a planar layer over the polysilicon layer having an etch ratio of 1:1 with 

6 the polysilicon; 

7 performing an etchback of the planar layer and polysilicon. 

8 19. The method of claim 18, wherein the planar layer is spin-on-glass. 

9 20. The method of claim 18, wherein the planar layer is photoresist. 

10 21 . The method of claim 1 8, wherein the etchback comprises a wet etch. 

1 1 22. The method of claim 18, wherein the etchback comprises chemical 

12 mechanical polishing. 

13 23. The method of claim 18, wherein there remains a layer of polysilicon above 

14 the surface of the field oxide and in the opening after the polysilicon is etched. 
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1 24. The method claim 23, wherein the remaining polysilicon is approximately 

2 1500-2000 angstroms over the field oxide. 

3 25. The method of claim 18, wherein the upper surface of the polysilicon is 

4 substantially planar with an upper surface of the field oxide. 

5 26. The method of claim 1 , further comprising the step of: 

6 forming an etch stop layer over the field oxide before the polysilicon layer is 

7 formed. 



8 27. The method of claim 24, wherein the etch stop layer comprises nitride. 

9 28. The method of claim 1 , further comprising the step of: 

10 forming a silicide layer over the polysilicon, the substrate and the field oxide 

1 1 before the photoresist is formed; and 

12 etching the silicide with polysilicon. 
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1 29. The method of claim 28, wherein the silicide is formed from the group 

2 consisting of tantalum, tungsten, titanium and molybdenum. 

3 30. The method of claim 28, wherein the silicide has a thickness of between 

4 approximately 1200-1700 angstroms. 

5 31 . The method of claim 1 , further comprising the step of: 

6 forming a capping layer over the polysilicon layer before the photoresist is 

7 formed; and 

g etching the silicide along with the polysilicon. 

9 32. The method of claim 31 , wherein the capping layer comprises oxide. 

10 33. The method of claim 31 , wherein the capping oxide has a thickness of 

1 1 between approximately 1200-1700 angstroms. 

12 34. The method of claim 1 , further comprising the step of: 

13 forming lightly doped drain regions in the substrate adjacent the gate electrode 

14 before the sidewall spacers are formed. 
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1 35. The method of claim 1 , further comprising the step of: 

2 forming source/drain regions in the substrate adjacent the gate electrode after 

3 the sidewall spacers are formed. 

4 36. The method of claim 1 , further comprising the steps of: 

5 forming a raised source/drain region adjacent the gate electrode and overlying 

6 the exposed substrate. 

7 
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1 37. The method of claim 36, wherein the step of forming a raised source/drain 

2 further comprises the steps of: 

3 forming a capping layer over the polysilicon layer before the photoresist is 

4 formed; 

5 etching the capping layer with the polysilicon layer; 

6 depositing a polysilicon layer over the transistor gate electrode, exposed 

7 substrate and the field oxide wherein the lowest most portion of the upper surface of the 
g polysilicon layer is above the upper surface of the gate electrode; 

9 . forming a planar sacrificial layer over the polysilicon layer having a 1 :1 etch rate 

10 with the polysilicon layer; 

1 1 etching the sacrificial layer and the polysilicon layers exposing the upper surface 

12 of the field oxide; 

1 3 doping the polysilicon layer to a desired doping level. 

14 38. The method of claim 37, wherein the lowest most portion of the upper 

15 surface of the polysilicon layer is above the upper surface of the gate electrode. 
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1 39. The method of claim 37, further comprising the step of: 

2 forming a siiicide under the capping layer and over the polysilicon before the 

3 polysilicon is deposited. 

4 40. The method of claim 36, wherein the step of forming a raised source/drain 

5 further comprises the steps of: 

6 selectively growing epitaxy above the exposed substrate surface; 

7 implanting the epitaxy with an appropriate dopant to achieve a desired 

8 conductivity level; and 

9 silicidtng an upper portion of the selectively grown epitaxy. 

10 
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1 41 . A method of forming a portion of a semiconductor integrated circuit; 

2 comprising the steps of: 

3 growing a field oxide across the integrated circuit; 

4 patterning and etching the field oxide to form an opening with substantially 

5 vertical sidewalls exposing a portion of an upper surface of a substrate underlying the 

6 field oxide where an active area will be formed; 

7 growing a gate oxide over the exposed portion of the substrate; 

8 depositing a doped polysilicon layer over the field oxide and gate oxide to a 

9 thickness wherein the lowest most portion of the upper surface of the polysilicon is 

10 above the upper surface of the field oxide; 

1 1 planarizing and etching the polysilicon layer such that the upper surface of the 

12 polysilicon layer remains at or above the upper surface of the field oxide; 

13 forming a silicide over the polysilicon layer; 

14 forming a capping layer over the silicide; 
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1 forming a photoresist mask over a portion of the capping layer overlying at least 

2 a portion of the substrate not covered by the field oxide; 

3 patterning and etching the capping layer, the silicide, the polysilicon and gate 

4 oxide to form a gate electrode of a transistor; 

5 removing the photoresist; 

6 forming LDD regions in the substrate adjacent the gate electrode; 

7 forming sidewall spacers along the sides of the gate electrode; and 

8 forming source/drain regions adjacent the gate electrode. 

9 42. The method of claim 41 , further comprising the step of: 

10 forming n-wells in the substrate before the field oxide is formed in areas where 

1 1 the field oxide will be removed. 

12 43. The method of claim 41 , wherein the polysilicon layer is formed to a 

13 thickness of between approximately 7000-9000 angstroms. 
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1 44. The method of claim 41 , wherein the silicide is formed from the group 

2 consisting of tantalum, tungsten, titanium and molybdenum. 

3 45. The method of claim 41 , wherein the silicide has a thickness of between 

4 approximately 1200-1700 angstroms. 

5 46. The method of claim 41 , wherein the capping layer has a thickness of 

6 between approximately 1200-1700 angstroms. 

7 47. The method of claim 41 , further comprising the step of: 

8 forming a raised source/drain region adjacent the gate electrode and overlying 

9 the exposed substrate. 

10- 
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1 50. The structure of claim 48, further comprising: 

2 an n-well in the active area in the substrate. 

3 51 . The structure of claim 48, wherein the gate oxide has a thickness of 

4 between approximately 70-100 angstroms. 

5 52. The structure of claim 48, wherein the polysilicon gate electrode has a 

6 thickness of between approximately 7000-9000 angstroms. 

7 53. The structure of claim 48, further comprising: 

8 a silicide layer over the polysilicon gate electrode. 

9 54. The structure of claim 53, wherein the silicide is from the group consisting of 

10 tantalum, tungsten, titanium and molybdenum. 

1 1 55. The method of claim 53, wherein the silicide has a thickness of between 

1 2 approximately 1 200-1 700 angstroms. 
13 
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1 48. A structure consisting of a portion of a semiconductor integrated circuit, 

2 comprising: 

3 a field oxide formed across the integrated circuit having an opening therethrough 

4 with substantially vertical sidewalls exposing a portion of an upper surface of a 

5 substrate underlying the field oxide; 

6 a gate oxide over a portion of the exposed portion of the substrate; 

7 a polysilicon gate electrode overlying the gate oxide and having an upper 
i 8 surface planar with or above an upper surface of the field oxide; 

J 9 LDD regions in the substrate adjacent the gate electrode; and 

10 sidewall spacers along the sides of the polysilicon gate electrode. 

1 1 49. The structure of claim 48, wherein the field oxide has a thickness of between 

12 approximately 4000-5000 angstroms. 
13 
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1 56. The structure of claim 48, further comprising: 

2 a capping layer over the silicide. 

3 57. The structure of claim 56, wherein the capping layer comprises oxide. 

4 58. The structure of claim 56, wherein the capping layer has a thickness of 

5 between approximately 1200-1700 angstroms. 

6 59. The structure of claim 48, further comprising: 

7 LDD regions in the substrate adjacent the gate electrode. 

8 60. The structure of claim 48, further comprising: 

9 source/drain regions adjacent the gate electrode in the substrate. 

10 61. The structure of claim 48, further comprising: 

1 1 raised source/drain regions adjacent the gate electrode and overlying the 

12 exposed substrate. 
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1 62. The structure of claim 61 , wherein the raised source/drain regions comprise: 

2 doped polysilicon; and 

3 siiicide over the upper surface of the doped polysilicon. 

4 63. The structure of claim 61 , wherein the raised source/drain regions comprise: 

5 doped selectively grown epitaxy; and 

6 siiicide over an upper portion of the selectively grown epitaxy. 
7 
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1 64. A structure consisting of a portion of a semiconductor integrated circuit, 

2 comprising: 

3 a field oxide formed across the integrated circuit having an opening therethrough 

4 with substantially vertical sidewalls exposing an active area in a portion of an upper 

5 surface of a substrate underlying the field oxide; 

6 a gate oxide over a portion of the exposed substrate; 

7 a polysilicon gate electrode overlying the gate oxide and having an upper 
g surface planar with or above the upper surface of the field oxide; 

9 a silicide layer over the polysilicon layer; 

10 a capping layer over the silicide layer; 

1 1 LDO regions in the substrate adjacent the gate electrode; and 

12 sidewall spacers along the sides of the polysilicon gate electrode. 
13 
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1 65. The structure of claim 64, further comprising: 

2 source/drain regions adjacent the gate electrode. 

3 66. The structure of claim 65, wherein the source/drain regions are in the 

4 substrate. 

5 67. The structure of claim 64, wherein the source/drain regions comprise: 

6 a raised doped polysilicon layer over the exposed substrate and adjacent to the 

7 gate electrode. 

8 68. The structure of claim 64, wherein the source/drain regions comprise: 

9 a raised doped selectively grown epitaxial region over the exposed substrate 

10 surface and adjacent to the gate electrode; and 

1 1 a silicide over an upper portion of the epitaxial region. 
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1 



ABSTRACT OF THE DISCLOSURE 



2 A method is provided for forming an improved planar structure of a 

3 semiconductor integrated circuit, and an integrated circuit formed according to the 

4 same. A field oxide is grown across the integrated circuit patterned and etched to 

5 form an opening with substantially vertical sidewalls exposing a portion of an upper 

6 surface of a substrate underlying the field oxide where an active area will be formed. A 

7 gate electrode comprising a polysiiicon gate electrode and a gate oxide are formed over 

8 the exposed portion of the substrate. The polysiiicon gate has a height at its upper 

9 surface above the substrate at or above the height of the upper surface of the field 

10 oxide. The gate electrode preferably also comprises a silicide above the polysiiicon and 

11 an oxide capping layer above the silicide. LDD regions are formed in the substrate 

12 adjacent the gate electrode and sidewall spacers are formed along the sides of the gate 
13- electrode including the silicide and the capping layer. 
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